Dehalogenases are enzymes that remove halogen from the carbon moiety (6) . Several dehalogenases have been purified and characterized since their first detection in bacteria. These dehalogenases were categorized according to their substrate specificities (28) and recently according to their phylogenetic relationships (8) . Much attention has been drawn to the 2-haloacid dehalogenases or halidohydrolases. These are hydrolytic enzymes that cleave the halogen-carbon bond(s) in halogenated aliphatic acids, yielding hydroxy-or oxoalkanoic acids from a substrate with a mono-or disubstitution, respectively (7, 28) . At least 11 2-haloacid dehalogenase genes have been isolated and sequenced. Comparative study on the amino acid sequences of these enzymes has exhibited 37 to 67% homology (17, 32) . Among these enzymes three conserved motifs have been identified. These include residues 4 to 18 in motif 1, residues 105 to 123 in motif 2, and residues 139 to 194 in motif 3 (1) . Motif 1 contains a highly conserved aspartate and a threonine, motif 2 contains a highly conserved hydroxy residue (serine or threonine), and motif 3 contains a highly conserved lysine and a pair of aspartates. These conserved motifs were expected to convey functions essential for catalysis. Site-directed mutagenesis had confirmed the role of these motifs in the activity of dehalogenase L-DEX-YL and dehalogenase IVa (DehIVa) (18; B. C. M. Pang and J. S. H. Tsang, unpublished data).
Most dehalogenases were identified from microorganisms isolated from enrichment cultures using specific halogenated substrates (3, 27) . These microorganisms are capable of utilizing the substrates as sole carbon and energy sources. Burkholderia cepacia MBA4, isolated with monobromoacetate (MBA), produces a single dehalogenase (DehIVa) under batch culture conditions (31) . The structural gene of DehIVa (hdlIVa) has been isolated and characterized and encodes 231 amino acids (22, 30) . DehIVa exists as a ϳ45-kDa molecule, composed of two identical subunits of ϳ26 kDa each (22, 31) . Another dehalogenase, DehCI, isolated from the chlorobenzoate-utilizing pseudomonad strain CBS3 (15, 26) , exhibits 64% identity in nucleotide sequence and 68% identity in amino acid sequence to DehIVa. This enzyme, however, is a monomer of 26 kDa. It is of interest to find out what causes the dimerization of DehIVa and not DehCI.
The modular replacement technique (2) has been used to study the structure-function relationships, including subunit association, substrate recognition, and enzyme activity, of several dioxygenases (4, 12) . The dehalogenases characterized so far range from 26 to 79 kDa (8) . The native forms of these enzymes exist as monomer, dimer, trimer, or tetramer (13, 21, 26, 31) . In this paper, we described the use of modular replacement technique in identifying the dimerization domain of DehIVa. Chimeric constructs were produced by swapping nucleotide sequences between hdlIVa and dehCI. The recombinant molecules produced in vitro and/or in vivo were characterized by gel electrophoresis, gel filtration, and/or activity assay. This is the first work to address functionally the dimerization domain of 2-haloacid dehalogenases by a molecular analysis approach.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. B. cepacia MBA4 and Pseudomonas sp. strain CBS3 were used as the sources for wild-type dehalogenases. Plasmids pHKU201 (B. C. M. Pang, unpublished data) and pUK1035 (25) contain the structural genes for hdlIVa and dehCI. Escherichia coli BL21(DE3) cells were used for in vivo expression of the recombinant dehalogenases. Plasmid pET19b (Novagen) was used as an expression vector for in vivo and in vitro synthesis of proteins. B. cepacia MBA4 and Pseudomonas sp. strain CBS3 were grown at 30°C in Luria broth with monochloroacetate (MCA) for induction of the dehalogenases. E. coli transformants were grown at 37°C in Luria broth supplemented with ampicillin (100 g/ml).
Enzymes and chemicals. Restriction endonucleases were obtained from Gibco-BRL or New England Biolabs. Alkaline phosphatase was purchased from Boehringer-Mannheim. A T7 sequencing kit, [␣-S 35 ]methionine, and IPTG (isopropyl-␤-D-thiogalactopyranoside) were from Amersham Pharmacia Biotech. Monochloroacetate (MCA) was from Sigma. UITma DNA polymerase was from Perkin-Elmer; T4 DNA ligase and T7 S30 E. coli extract were from Promega.
In vivo and in vitro synthesis of protein. For in vivo protein expression, 4 ml of overnight culture was inoculated into 100 ml of fresh medium and grown until the optical density at 600 nm was 0.8 to 1. IPTG (1 mM) was then added, and the culture was allowed to grow for another 3 to 12 h before total protein extract was prepared. For in vitro synthesis, about 4 g of DNA was incubated with T7 S30 E. coli extract (Promega) with 1 Ci of [␣-S 35 ]methionine at 37°C for about 3 h. Plasmid isolation and DNA sequencing. For preparative purpose, plasmid DNAs were obtained using a Qiagen spin column or a Qiagen tip-20 device. For analytical purpose, plasmid DNAs were isolated by the boiling method (10) . Sequencing reactions were performed using the T7 Sequenase kit with Cy-5-labeled nucleotides. The samples were resolved by an ALFexpress automated sequencer (Amersham Pharmacia Biotech).
PCR. PCR was carried out using a Peltier thermal cycler (PTC-200; MJ Research). Reaction buffer (100 l; 10 mM Tris-HCl [pH 8.8], 10 mM KCl, 0.002% Tween 20 [vol/vol]) was mixed with 2 mM MgCl 2 , a 0.2 mM concentration of each deoxynucleoside triphosphate, 1 g of each primer, 1 g of template plasmid DNA, and 3 U of UITma DNA polymerase (Perkin-Elmer). The amplification of the fragments were carried out for 30 cycles with denaturation at 94°C for 2 min, annealing at 72°C for 2 min, and extension at 76°C for 2 min. The PCR products were analyzed on a 1% agarose gel and purified by GeneClean (Bio 101).
Cloning of structural genes for hdlIVa and dehCI. Full-length DehIVa and DehCI were used as controls. Two pairs of oligonucleotide primers designed with reference to the published DNA sequences (22, 25) were used. NdeI and BamHI restriction sites were introduced in the forward and reverse primers respectively. The primers for hdlIVa were 5Ј-ATT-ATT-ATT-AAG-CTT-(CAT-ATG)
NdeI -ATG-GTG-GAT-TCA-CTC-CGC-3Ј and 5Ј-ATT-ATT-ATT-CCC-GGG-(GGA-TCC)
BamHI
-TCA-GGC-AGC-TTT-TGT-AAC-3Ј, and the primers for dehCI were 5Ј-ATT-(CAT-ATG)
NdeI
-ATG-GAC-CCA-ATT-CGC-GCT-TGC-3Ј and 5Ј-ATT-(GGA-TCC)
BamHI
-TTA-CTG-CGT-GAG-TCG-CAG-CAA-3Ј (restriction sites are shown as superscripts; parentheses indicate the recognition sequences). The first codon, GTG, of dehCI was replaced by ATG (underlined). PCR products containing the structural genes for hdlIVa and dehCI were digested with NdeI and BamHI and cloned into the corresponding sites of pET19b to form pHKU221 and pHKU252, respectively. Transformation into E. coli BL21(DE3) was by the standard calcium chloride method (20) . The sequences of all the constructs were verified by DNA sequencing.
Construction of pHKU271, pHKU272, pHKU273, pHKU275, and pHKU281. hdlIVa and dehCI were isolated from pHKU221 and pHKU252 as NdeI/BamHI fragments, respectively. These fragments were then cut with SspI, MspI Construction of pHKU284 and pHKU285. PCR and linker ligation were used for the construction of tripartite molecules. The primer pair IVa-3n and IVa-3c, having the sequences 5Ј-GCG-TAC-AAG-(GAG-CTC)
SacI -AGT-GCA-TAC-CCT-3Ј and 5Ј-ATT-ATT-ATT-(GGA-TCC)
-CCC-GGG-TCA-GGC-AGC-TTT-TGT-AAC-GTT-3Ј, was used for amplifying nucleotides 274 to 693 of hdlIVa. The PCR product contains nucleotides encoding amino acids 91 to 231 of DehIVa. This fragment was cut with SacI/BamHI and ligated to the NdeI/ BamHI sites of pET19b with an NdeI/SacI linker to form pHKU282. The linker was formed by annealing of the following two oligonucleotides: 5Ј-TAT-GTA-ACT-CGA-GCC-CGG-GAA-TAT-TAA-GCT-TGA-GCT-3Ј and 5Ј-CAA-GCT-TAA-TAT-TCC-CGG-GCT-CGA-GTT-ACA-3Ј. The primer pair CI-2n and CI-2c, having the sequences 5Ј-TTC-GCG-CTC-GA(A-AGC-TT)
HindIII

C-GGC-CTG-3Ј and 5Ј-GGG-GTA-AGC-GCT-(GAG-CTC)
SacI -CTT-ATA-GGC-3Ј, was used for amplifying nucleotides 220 to 267 of dehCI. The PCR product contains nucleotides encoding amino acids 73-89 of DehCI. The primer pair IVa-1n and IVa-1c, having the sequences 5Ј-ATT-ATT-ATT-(CAT-ATG)
NdeI -AAG-CTT-ATG-GTG-GAT-TCA-CTC-CGC-GCG-3Ј and 5Ј-CTC-GAG-ATG-G(AA-GCT-T)
HindIII TC-CAA-CGC-GAA-TGT-3Ј was used for amplifying nucleotides 1 to 219 of hdlIVa. The PCR product contains nucleotides encoding amino acids 1 to 73 of DehIVa. The PCR products obtained with the primer pairs IVa-1n and IVa-1c and CI-2n and CI-2c were cut with NdeI/HindIII and HindIII/SacI, respectively. These fragments were then ligated to the NdeI/SacI sites of pHKU282 to form the tripartite pHKU284 construct.
For construction of pHKU285 a similar strategy was used. The primer pair CI-3n and CI-3c, having the sequences 5Ј-GCC-TAT-CAT-(GAG-CTC) SacI -
AGC-GCT-TAC-CCC-3Ј and 5Ј-ATT-ATT-ATT-(GGA-TCC)
BamHI -CCC-GGG-TTA-ACT-GCG-TGA-GTC-GCA-GCA-A-3Ј, was used for amplifying nucleotides 271 to 681 of dehCI. The PCR product contains nucleotides encoding amino acids 90 to 227 of DehCI. This fragment was cut with SacI/BamHI and ligated to the NdeI and BamHI sites of pET19b with the NdeI/SacI linker to form pHKU283. The primer pair CI-1n and CI-1c, having the sequences 5Ј-ATT-
ATT-ATT-(CAT-ATG)
NdeI -AAG-CTT-ATG-GAC-CCA-ATT-CGC-GCT-TGC-3Ј and 5Ј-CAG-CAG-GCC-GAA-(CGT-ACG)
SunI -GAG-CGC-GAA-ATC-3Ј, was used for amplifying nucleotides 1 to 216 of dehCI. The PCR product contains nucleotides encoding amino acids 1 to 72 of DehCI. The primer pair IVa-2n and IVa-2c, having the sequences 5Ј-TTC-GCG-TTG-(CGT-ACG)
SunI -TAC-CAT-CTC-3Ј and 5Ј-AGG-GTA-TGC-ACT-(GAG-CTC)
SacI ATG-GTA-CGC-3Ј, was used for amplifying nucleotides 223 to 270 of hdlIVa. The PCR product contains nucleotides encoding amino acids 74 to 90 of DehIVa. The PCR products obtained with the primer pairs CI-1 and CI-1c and IVa-2n and IVa-2c were cut with NdeI/SunI and SunI/SacI, respectively. These fragments were then ligated to the NdeI and SacI sites of pHKU283 to form the tripartite pHKU285 construct.
Site-directed mutagenesis of conserved amino acid residues. Overlap extension PCR (11) was used to generate a mutation in the hdlIVa gene. Plasmid pHKU221 was used as the template. The primers used and the mutations which resulted are shown in Table 1 . The primers flanking the 5Ј and 3Ј ends of hdlIVa are 5Ј-ATT-ATT-(AAG-CTT)
HindIII -CAT-ATG-ATG-GTG-GAT-TCA-CTC-CGC-3Ј and 5Ј-ATT-ATT-(CCC-GGG)
SmaI -GGA-TCC-(1529)TCA-GGC-AGC-TTT-TGT-AAC-3Ј. The amplification of the fragments was carried out for 30 cycles with denaturation at 94°C for 2 min, annealing at 55°C for 2 min, and extension at 68°C for 2 min. The PCR products were gel purified and subjected to HindIII and SmaI digestion. Purified HindIII/SmaI PCR products were cloned into the HindIII/SmaI site of pFLAG-MAC (Sigma).
Western blot analysis. Molecules with the FLAG peptide were visualized by Western blot analysis. Cell extracts (CE) were resolved by denaturing or nondenaturing polyacrylamide gel electrophoresis (PAGE). Proteins were blotted onto Hybond-ECL membrane (Amersham). The membrane was blocked in Tris-buffered saline (10 mM Tris-HCl [pH 7.5], 150 mM NaCl) with 5% nonfat dried milk for 1 h and incubated with M2 antibody (Sigma) for 1 h in Trisbuffered saline with 0.05% Tween 20. After washing with the same buffer, the membrane was incubated with peroxidase-conjugated goat anti-mouse immunoglobulin G (Amersham) in Tris-buffered saline with 0.5% Tween 20 for 1 h. The unbound antibody was removed by washing three times for 10 min each in the same buffer. Western blot ECL reagents (Amersham) were added, and the chemiluminescence was detected on BioMax XR film (Kodak).
Preparation of CE and determination of dehalogenase activity. CE of the bacteria were prepared through two passages of the cell in a French press (Amicon) at 2,500 bar. The lysates were centrifuged at 48,400 ϫ g for 45 min to remove insoluble materials and cell debris. Certain amount of the CE was incubated in 100 mM Tris-SO 4 , pH 7.9, with 100 mM MCA at 37°C. The amount of chloride ion released was determined using a Corning 925 chloride counter.
Determination of molecular weight. The relative molecular weights of the chimeras were determined by gel filtration and sodium dodecyl sulfate (SDS)-PAGE. Gel filtration was carried out on a Sephacryl S-200 HR column equilibrated with 20 mM Tris-SO 4 (pH 7.9)-0.15 M NaCl at room temperature. Proteins were eluted with the same buffer at a flow rate of 0.5 ml per min. Fractions of 0.25 to 1 ml were collected. Elution volumes were determined by A 280 reading or by enzyme activity. The void volume of the column was determined with blue dextran, and the column was calibrated with a low-molecularweight standard (Amersham Pharmacia Biotech). The protein standards used were albumin, 67,000 (67K); ovalbumin, 43K; chymotrypsinogen A, 25K; and ribonuclease A, 13.7K. Standard SDS-PAGE was used (20) . The denatured protein standard used was prestained high-molecular-weight Rainbow marker (Amersham Pharmacia Biotech), which included lysozyme, 14.3K; trypsin inhibitor, 21.5K; carbonic anhydrase, 30K; ovalbumin, 46K; bovine serum albumin, 66K; phosphorylase b, 97.4K; and myosin, 220K.
Activity-stained PAGE. CE were electrophoresed in a nondenaturing acrylamide gel. After electrophoresis, the gel was incubated in 20 mM Tris-SO 4 , pH 7.9, supplemented with 100 mM MCA for about 30 min at 37°C; the gel was then incubated with 0.1 M AgNO 3 . White precipitate was formed at the position where the dehalogenase released the chloride ion from the MCA. 
a The mutated nucleotide(s) is shown in boldface type, and the wild-type sequence is shown in parentheses.
RESULTS
The first 55 residues of DehIVa are not essential for dimerization. Analysis of the DNA sequences of hdlIVa and dehCI revealed that restriction recognition sites for SspI provide a convenient site for swapping of the N-terminal 54 to 55 amino acids between DehIVa and DehCI. Constructs HKU271 and HKU272 were created (Fig. 1a) . Molecule HKU271 contains amino acids 1 to 55 of DehIVa followed by amino acids 55 to 227 of DehCI. This molecule was produced in vitro (Fig. 1b) , but dehalogenase activity was not detected in the activitystained gel (Fig. 1c, lane 6) . However, when this protein was made in vivo in E. coli, dehalogenation of the substrate MCA was detected (data not shown). This molecule migrated as a monomer like DehCI in nondenaturing gel (Fig. 1d, lane 6) . Molecule HKU272 contains amino acids 1 to 54 of DehCI followed by amino acids 56 to 231 of DehIVa. This molecule was produced in vitro and was found to be active (Fig. 1b and  c) . This molecule migrated as a dimer like DehIVa in nondenaturing gel (Fig. 1d, lane 5) . These results indicated that the dimerization domain of DehIVa resides in amino acids 56 to 231.
Residues 112 to 231 of DehIVa are not essential for dimerization. Analysis of hdlIVa and dehCI also revealed that restriction sites for MspI and BsiEI could provide convenient sites for construction of other chimeras. Molecule HKU275 contains amino acids 1 to 164 of DehIVa followed by amino acids 164 to 227 of DehCI (Fig. 1a) . This molecule was found to be inactive (Fig. 1b, lane 8) when produced in vitro but active under in vivo conditions (data not shown). This molecule migrated as a dimer in nondenaturing gel (Fig. 1d, lane 8) . Molecule HKU273 contains amino acids 1 to 111 of DehIVa followed by amino acids 111 to 227 of DehCI (Fig. 1a) . This molecule also behaved similarly to HKU275 (Fig. 1b to d, lanes  7 ). An active dimeric molecule of HKU273 was produced effectively in E. coli. These results showed that amino acids 112 to 231 of DehIVa are not essential for subunit interaction.
Residues 74 to 90 of DehIVa are essential for dimerization. Results from the previous sections implied that the subunit interaction domain of DehIVa must be located between amino acids 56 and 111. In order to confirm that this is the case, molecule 281 was constructed (Fig. 1a) . This molecule contains amino acids 56 to 111 of DehIVa flanked by residues 1 to 53 and 111 to 227 of DehCI. This chimera is active and migrates similarly to dimeric DehIVa (Fig. 1c, lane 9) . This confirmed that residues 56 to 111 contain a functional dimerization domain.
Further analysis of the secondary structure of DehIVa and DehCI by the Garnier-Osguthorpe-Robson prediction in the Wisconsin Genetics Computer Group package revealed that these enzymes are quite alike. There is, however, a region in DehIVa located between amino acids 50 and 110 that exhibits a higher level of hydrophilicity than that of DehCI. These structural prediction results augment our observation that residues 56 to 111 of DehIVa contain a dimerization domain. A closer look showed that residues 74 to 90 of DehIVa are those showing stronger hydrophilic properties. Constructs HKU284 and HKU285 were prepared to confine the interaction domain of the protein. Molecule 284 contains residues 73 to 89 of DehCI flanked by residues 1 to 73 and 91 to 231 of DehIVa (Fig. 1a) . This molecule is active and migrated as a monomer like DehCI (Fig. 2, lane 6) . Likewise, molecule 285, which contains residues 74 to 90 of DehIVa flanked by residues 1 to 73 and 91 to 227 of DehCI (Fig. 1a) , is active and migrated as a dimer like DehIVa (Fig. 2, lane 5) . These results showed that amino acids 74 to 90 of DehIVa are able to mediate the dimerization function for the protein.
The 17 residues are not sufficient for subunit interaction. It appears that the 17 residues ranging from residues 74 to 90 of DehIVa are able to confer the protein dimerization function. We have, however, obtained evidence suggesting that other regions of the enzymes are also important for the subunit interaction. N-terminal and C-terminal deletion mutants were constructed, and the molecules were analyzed by nondenaturing gel electrophoresis for dimerization ability. Derivatives deleting 3, 6, 8, 9, or 10 residues from the N terminus migrated like the full-length molecule, while removal of 11 amino acids from the N terminus or three residues from the C terminus abolished the dimerization function of the enzyme (data not shown). Although we cannot eliminate the possibility that these 3 or 11 amino acid deletions could affect the overall folding of the protein, these results did suggest that there are other regions critical for protein interaction. This prompted us to investigate the role of some of the individual residues in the protein by means of single amino acid changes.
Conserved amino acid residues among various isozymes normally play an important role in certain functions. Amino acid residues 56 to 111 of DehIVa have now been shown to be important for subunit association. Comparison of similar regions among eight 2-haloacid dehalogenases has identified nine conserved residues (17) . They are Met55, Tyr58, Phe61, Thr65, Ala68, Leu69, Lys78, Tyr92, and Leu108. Reverse genetics has been used to elucidate the function of important residues in enzymes (19) . The nine conserved residues were mutated as follows: Met55Leu, Tyr58Phe, Phe61Tyr, Thr65Ala, Ala68Thr, Leu69Met, Lys78Met, Tyr92Phe, and Leu108Met. These mutants were expressed in vivo in E. coli and analyzed by Western blot analysis. Samples resolved by SDS-PAGE indicated that these DehIVa derivatives were similar in size and were expressed to similar levels (data not shown). However when these samples were analyzed on nondenaturing gel, some of the proteins were denatured and were not admissible into the gel. Figure 3 shows that F61Y, A68T, L69M, and L108M changes affected the conformation of the proteins and the altered molecules were not resolved by native PAGE (lanes 3, 5, 6, and 9). Molecules with Y58F or T65A change were migrated as monomer (lanes 2 and 4) . Cells harboring either of these molecules were able to dehalogenate MCA, implying that these protomers were active (data not shown). Molecules with an L78M or Y92F change displayed both monomeric and dimeric products (lanes 7 and 8). Modifications of these two molecules were therefore less detrimental than the other changes, but the conformational stability of the proteins was definitely affected.
The 17 residues affect enzyme activity. The wild-type DehIVa, DehCI, and chimeras HKU284 and HKU285 have been expressed in vivo in E. coli. The amount of the enzymes produced in each strain corresponded to about 25% of total cellular proteins. This was determined by scanning densitometric analysis using Phoretix 1D standard software (Chinetek Scientific) on Coomassie brilliant blue R250-stained SDS-PAGE gel (data not shown). The similar levels of expression for the four enzymes in the heterologous hosts made it possible to compare their dehalogenase activities without purifying the enzymes. Table 2 reveals the specific activity for these four enzymes. DehCI was the most active one and has a highest activity towards MCA. DehIVa, on the other hand, was most active towards MBA. The monomeric HKU284, which has a DehIVa backbone but a DehCI internal fragment, was similar to DehIVa, except with a decreased activity towards MBA. The dimeric molecule HKU285, which has DehCI backbone and an internal DehIVa fragment, was DehCI like, being active towards dichloroacetate (DCA). It appears that the 17 residues affected the enzyme specificity and activity to some extent.
DISCUSSION
Isolation and characterization of 2-haloacid dehalogenases have been studied extensively during the last decade. Many of these genes have been cloned and sequenced (5, 13, 22, 23, 25, 29, 32) . Arbitrary grouping of these dehalogenases was previously based on electrophoretic mobility and/or substrate specificity (7) . Recently the relationships of these enzymes have been studied phylogenetically. These 2-haloacid dehalogenases were grouped into two families, each with four subdivisions (8) . DehIVa of MBA4 and DehCI of CBS3 were grouped to the same subdivision of group II; however, the structural relationship of these enzymes has not been examined. DehIVa and DehCI show 68% identity in amino acid sequences, yet the native form of the former is a dimer while the latter is a monomer.
In this work we have identified a region in DehIVa that confers the dimerization ability of the protein. As seen in the activity-stained gel and the autoradiograph, it is reasonable to assume that chimeras with a mobility identical to that of DehCI are monomers and that those migrating similarly to DehIVa are dimers ( Fig. 1c and d) . However, a previous study has indicated the possibility of the formation of different electrophoretic forms from purified dehalogenase (14) in nondenaturing gel. In order to show that these changes in the mobility of the protein did indeed result from the change in the aggregation state, the molecular weights of the recombinant proteins were analyzed by gel filtration. The chimeras, HKU284 and HKU285, were expressed in vivo in E. coli BL21(DE3), and the CE were analyzed by SDS-PAGE. Both recombinant proteins were the correct size (data not shown). The CE were applied to Sephacryl-S200 HR gel filtration columns, and the dehalogenase active fractions for HKU284 and HKU285 were found to be 30K and 46K, respectively (Fig. 4) . These confirmed that the active HKU284 is a monomer and the active HKU285 is a dimer consisting of two identical subunits.
The crystal structures of two 2-haloacid dehalogenases are currently known. One of the molecules, L-DEX-YL, exists as a homodimer (9, 18) . Amino acid residues distributed along the polypeptide were found to be important for maintenance of the subunit interaction. This molecule was divided into a core domain and a subdomain. The subunit interaction was formed between the subdomain and the carboxyl-terminal half of the core domain. An ␣-2 helix region runs along the molecular twofold axis and plays an indispensable role in dimerization. This region was proposed to play similar roles in multimerization of other 2-haloacid dehalogenases. The other molecule, DhlB, whose crystal structure is known, has a dimerization interface similar to that of L-DEX-YL (24) . However, an additional small subdomain which stretches from residues 193 to 219 and interacts with residues 15 to 93 provides the dimerization interface (24) . Dimerization interfaces in L-DEX-YL and DhlB are similar, but DhlB is tighter after dimerization. L-DEX-YL is only 13.5% buried after dimerization, while 19% of the monomer surface is buried in DhlB (9, 24) . This suggests that the dimeric interface for these two molecules are different, despite their similarity as group II dehalogenases (8) . The ␣-2 helix of L-DEX-YL stretches from Leu39 to Arg56 and corresponds to Leu40 to His55 of DehIVa. Site-directed mutageneses in this putative ␣-2 helix region of DehIVa, however, have not produced any monomeric molecule (B. C. M. Pang and J. S. H. Tsang, unpublished data). It is likely that these similar residues could fold into different structures for dimerization. Dehalogenase activity between DehIVa and DehCI has not been compared previously. In this study it has been shown that the monomeric DehCI has a higher specific activity than the dimeric DehIVa. Moreover, DehCI is active towards DCA while DehIVa is not. Despite their similarity in amino acid sequence, their enzyme activity patterns are different. This is not uncommon, as enzymes having 95% identity while exhibiting different enzymic efficiencies have been found (16) . The substrate specificity of the chimeras also shows that there are no general rules for estimating the efficiency of the swapped domains (2) . The relative activities suggested that dimeric DehIVa works better on MBA than on MCA while its monomeric counterpart HKU284 works better on MCA than on MBA. On the other hand, both monomeric DehCI and the dimeric derivative HKU285 behave similarly (Table 2) . We are now in the process of testing the synergistic interaction of DehIVa protomers under dimeric conditions.
The indication of the presence of active protomer for DehIVa is confirmed by the mutation T65A (data not shown). It is not very surprising that a single subunit is active. Based on the crystal structures of the L-DEX-YL and DhlB, the dimerization domain is not involved in the catalysis of the dehalogenase (18, 24) . The monomeric property of the T65A derivative was verified by gel filtration (Fig. 4) . However, the relative activity of this in vivo-expressed T65A was only about 1% of the wild-type protein.
Further investigation of the amino acids by site-directed mutagenesis may be able to give a better understanding of not only the dimerization domain but also the substrate specificity and active site of the protein. This information may be important in broadening the substrate range of dehalogenases and their application for biotechnology purposes.
